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Description 

METHOD OF REGISTERING THE POSITION 
OF A RIBBON MOVING AT A CONSTANT 
ANGULAR VELOCITY AND DETECTING 
THE AMOUNT OF THE RIBBON USED IN A 

PHOTO PRINTER 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The present invention relates to a photo printer, and more 
specifically, to a photo printer which is operated with a 
constant angular velocity, capable of registering the used 
color of the ribbon, and capable of detecting the amount 
of the ribbon used. 

[0003] 2. Description of the Prior Art 

[0004] Along with the development of digital cameras, photo 

printers, which are able to print photos directly, become 
popular. 



[0005] please refer to Fig.l in conjunction with Fig. 2. Fig.l is a 
schematic diagram of a color printer 10 according to the 
prior art. Fig. 2 is a cross-sectional view of the printer 10 
depicted in the Fig.l along the line 2-2. The color printer 
10 can be a photo printer for printing photos.The printer 
10 comprises a ribbon 20, a light source 22, a photo sen- 
sor 24, a heat printhead 26, and a controller 30. The rib- 
bon 20 is rotatable in a ribbon-driving device (not shown 
in Figs.l and 2). The controller 30 is used for registering 
the position of the ribbon 20 in order to control the 
printer 10 in operation. 

[0006] please refer to Fig. 3. Fig. 3 is a schematic diagram of the 
ribbon and the photo sensor structures in the printer 10. 
The ribbon 20 contains a plurality of dye regions 40 in or- 
der. Each dye region 40 contains dye frames 32, 34, 36, 
38 with different colors, such asthe dye frame 32 with 
yellow; the dye frame 34 with magenta; the dye frame 36 
with cyan; and the dye frame 38 being an over-coating. 
Each yellow dye frame 32 is equipped with a black bar re- 
gion 44 in the front. Moreover,a transparent separation 
region 45 without any color is located between each of the 
dye frames 32, 34, 36, 38. The black bar region 44 and 
the transparent separation region 45 are used for distin- 



guishing each start position of the dye frames 32, 34, 36, 
38 by using the controller 30. The lengths of the dye 
framesare much longer than those of the black bar region 
44 and the transparent separation region 45. 

[0007] As shown in Fig. 3, after the light source 22 irradiates the 
ribbon 20 with the beam 2 5, the photo sensor 24 senses 
the beam 25 penetrating the dye region 40 and generates 
corresponding sensing signals. Because of different pene- 
trability of the dye frames 32, 34, 36, 38, and the black 
bar region 44 to the beam 25, the photo sensor 24 gener- 
ates different sensing voltages when passed by two adja- 
cent dye frames one after another. The controller 30, 
however, registers the positions of the dye region 40 and 
the dye frames 32, 34, 36, 38 in the dye region 40 ac- 
cording to the keeping time of the sensing voltage gener- 
ated by the photo sensor 24. And the heat printhead 26 is 
used to transfer the dye of the ribbon 20 onto a medium. 

[0008] Because the controller 30 can determine which dye frame 
is passing due to different penetrability of each dye frame 
in the dye region 40, the controller 30 is able to register 
the positions of the dye frames 32, 34, 36, 38 on the dye 
region 40 of the ribbon 20 by distinguishing four different 
sensing voltages. However, the yellow dye frame 32 gen- 



erates the same sensing voltage with the over-coating dye 
frame 38. As a result, the controller 30 is required for dis- 
cerning the order of the other two dye frames (the ma- 
genta dye frame 34 and the cyan dye frame 36) to distin- 
guish the yellow dye frame 32 from the over-coating 
frame 38.The other way is arrange specific bar codes in 
the front of the yellow dye frame 32 and the over-coating 
dye frame 38 to distinguish between them. Except deter- 
mining the amount of the dye region 40 of the ribbon 20, 
the controller 130 is only able to determine the positions 
of each dye frame in the dye region 40. After running out 
of the ribbon 20, if the printer 10 is still used without re- 
placing the ribbon 20, the printer is likely to cease print- 
ing in the printing process and bewilder users. 
Summary of Invention 

[0009] it is therefore a primary object of the present invention to 
provide a photo printer which is operated with a constant 
angular velocity, capable of registering the used color of 
the ribbon, and detecting the amount of the ribbon used, 
to solve the above-mentioned problem. 

[0010] According to the claimed invention, a method of register- 
ing the position of a ribbon by moving the ribbon with a 
constant angular velocity and detecting the amount of 



ribbon used in a photo printer is disclosed. The ribbon in- 
cludes a plurality of dye regions each having a plurality of 
dye frames. The ribbon moves in a predetermined direc- 
tion with a constant angular velocity, and a photo sensor 
for generating a sensing signal corresponding to the dye 
frames. The sensing signal has a first status with a low 
level voltage and a second status with a high level voltage. 
The method detects the length of time of the first status 
when the sensing signal changes its status from the sec- 
ond status to the first status. If the length of time of the 
first status is shorter than a threshold, the first dye frame 
of the dye region is registered, and the method then de- 
termines the amount of ribbon used based on the length 
of time of the first status. While one of the dye frames of 
the dye region is finished printing, the method determines 
the required moving time for the ribbon to register the 
start position of the subsequent dye frame of the dye re- 
gion based on the length of time of the first status used 
to register the first dye frame of a dye region, the total 
length of the printed part of the dye frame, and the length 
from a non-printed part of the dye frame to the subse- 
quent dye frame. 
1 ] These and other objectives of the claimed invention will 



no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

preferred embodiment, which is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0012] pig.l is a schematic diagram of a color printer according 
to the prior art. 

[0013] pig. 2 is a cross-sectional view of the printer depicted in 
the Fig.l along the line 2-2. 

[0014] pig. 3 is a schematic diagram of the ribbon and the photo 
sensor structures in the printer depicted in the Fig.l. 

[0015] Fig. 4 is a functional block diagram of a photo printer ac- 
cording to the present invention. 

[0016] Fig. 5 is agraph showing the relative position of the rib- 
bon, the photo sensor, and the printhead of the photo 
printer shown in Fig. 4. 

[0017] Fig. 6 is a schematic diagram of the ribbon before printing. 

[0018] Fig. 7 is a schematic diagram of the ribbon during printing. 

[0019] Fig. 8 is a schematic diagram of the printing length of each 
dye frame and the length from the printed dye frame to 
the next dye frame. 

[0020] Fig. 9 is a flowchart of registering the ribbon and detecting 



the used amount of ribbon according to the present in- 
vention. 
Detailed Description 

[0021] please refer to Fig. 4 and Fig. 5 together. Fig. 4 is a func- 
tional block diagram of a photo printer 100 according to 
the present invention. Fig. 5 is agraph showing the relative 
position of the ribbon, the photo sensor, and the print- 
head of the photo printer 100 shown in Fig. 4. The printer 
100 is a photo printer for printing photos. The printer 100 
comprises a ribbon 120, a light source 122, a photo sen- 
sor 124, a heat printhead 126, a ribbon-driving device 
128, and a controller 130. The ribbon-driving device 128 
comprises a take-up spool 114 and a supply spool 
116(shown in Fig. 6). The ribbon 120 is taped on the take- 
up spool 114 and the supply-spool 116. As a result, the 
ribbon 120 is able to move due to a rotation of the take- 
up spool 114 and the supply-spool 116. In addition, the 
controller 130 is used for registering the position of the 
ribbon 120 in order to control the operation of the printer 
100. 

[0022] The ribbon 120 comprises a plurality of dye regions 140 
in order. Each dye region 140 contains dye frames 132, 
134, 136, 138 with different colors, such asthe dye frame 



132 with yellow; the dye frame 134 with magenta; the dye 
frame 136 with cyan; and the dye frame 138 beingan 
over-coating dye frame. Each of the dye frames 132, 134, 
136, and 138 is equipped with the separation regions 
142, 144a, 144b, 144c in the front. The separation region 
142 is black, and the other separation regions 144a, 
144b, and 144c are transparent without any color. The 
lengths of the dye frames 132, 134, 136, 138 are much 
longer than that of the separation region 142, 144a, 
144b, 144c. The controller 130 is used for controlling the 
photo printer 100 in operation in order to count and 
record the moving time of the ribbon 120. The heat print- 
head 126 is used for transferring the dye on the ribbon 
120 onto the photos. The ribbon 120 moves at constant 
angular velocity, so that the heat printhead 126 is capable 
oftransferringthe dye on the dye frames 132, 134, 136, 
138 in order onto a medium to generate a color pattern. 
[0023] As shown in Fig. 5, the light source 122 of the photo 

printer 100 can be a green light emitting diode (LED) set 
on one side of the ribbon 120. The light source 122 is 
used for emitting beam 125 onto the ribbon 120, and the 
photo sensor 124 is set on the other side of the ribbon 
120 to sense the beam 125 passing through the ribbon 



120 to generate corresponding sensing signals. When the 
ribbon 120 moves in the direction of arrow A, sensing 
signals corresponding to different dye frames 140 of the 
ribbon 120 are generated by the photo sensor 124. 

[0024] Because of higher penetrability of the beam 125 against 
the yellow dye frame 132, over-coating dye frame 138, 
and the transparent separation regions 144a, 144b, 144c, 
a sensing signal with high level voltage is generated while 
the beam 125 is penetrating these dye frames 132, 138 or 
separation regions 144a, 144b, 144c. On the contrary, be- 
cause of lower penetrability of the beam 125 against the 
magenta dye frame 134, the cyan dye frame 136, and the 
black bar region 142, a sensing signal with low level volt- 
age is generated when the green beam 125 is penetrating 
these dye frames 134, 136, or the black bar region 142. 

[0025] According to the present embodiment, while receiving 

status of the sensing signal from the photo sensor 124 is 
changed, the controller 130 records the changed status 
time Td of the sensing signal and comparesthe time Td 
with athreshold time Tth. For instance, while sensing the 
change of the sensing signal from high to low level, the 
controller 130 records the time Td in which the sensing 
signal is in the low level. The region corresponding to the 



sensing signal with low level is determined to be the black 
bar region 142 as long as it is detected that the time Td in 
the low level is shorter than the threshold time Tth. If de- 
tecting that the time Td in the low level is longer than the 
threshold time Tth, it means that the region correspond- 
ing to the sensing signal with low level is a magenta or 
cyan dye frame. At this moment, the controller 130 will 
ignore the time Td. As long as the controller 130 ensures 
that the time Td in the low level is shorter than the 
threshold time Tth, the yellow dye frame in a dye region 
has been registered. And the amount of the ribbon 120 
used is able to be calculated according to the time Td. The 
details of the determination are as follows. 
[0026] please refer to Fig. 4, Fig. 6, and Fig. 7. Fig. 6 is a schematic 
diagram of the ribbon 120 before printing. Fig. 7 is a 
schematic diagram of the ribbon 120 during printing. 
From Figs. 6 and7,when the controller 130 ensures that 
the time Td in the low level is shorter than the threshold 
time Tth, this means that a black bar region 142 is pass- 
ing through the photo sensor 124. At this time, the time 
Td is represented by T which meansthe time it 

r B-Bar-i , 

takes for the black bar region 142 of the i dye region 140 
to pass through the photo sensor 124. 



[00 27 ] L =R nnxT (Equation 1) 

B-Bar B-Bar-i B-Bar-i 

[0028] where 



[0029] i stands for the length of the black bar region 142; 

B— Bar 

[0030] r stands for the radius of the ribbon 120 included 

B-Bar- i 

by the take-up spool 114 while the black bar region 142 
of the i dye region passes through the photo sensor 124. 

th 

[0031] stands for the angular velocity; and 



[0032] j stands for the time it takes for the black bar region 

B-Bar-i 3 

142 of the i dye region 140 to pass through the photo 

th 

sensor 124. 

[0033] Because go and I are constant, and T =Td. As a 

B-Bar B-Bar-i 

result, R is calculated. 

B-Bar-I 

[0034] prom Fig. 6 and Fig. 7, there concludes a following equa- 
tion: 



x&L^ -x&1-a*» =^L Sa xd (Equation 2) 



where 

[0035] j stands for the index of the dye region 140 of the ribbon 
120; 

[0036] |_ stands for the length of the dye region 140; 

[0037] r stands for the radius of the take-up spool 114; and 

F-Axis 

d stands for the thickness of the ribbon 120. 
[0038] Because R , L ,and 

F-Axis set d are constant, the number of i is able to be calculated wi 

from equation l.The controller 130 is able to deter- 

B-Bar-i 

mine which of the dye regions 140 the black bar region 
142 passing through the photo sensor 124 belongs to. As 
a result, the number of the consumed dye regions 140 is 



calculated. After running out one of the yellow dye frame 
132, the start position of the magenta dye frame 134 
must be registered. 
[0039] please refer to Fig. 8. Fig. 8 is a schematic diagram of the 
printing length of each dye frame and the length from the 
printed dye frame to the next dye frame. L stands for 

set 

the length of the dye region 140. L ,L ,L 

3 3 Y-Print M-Print C-Print 

stand for the lengths to be printed for the yellow, ma- 
genta, and cyan frames. L , L , L re- 

Y-remain M-remain C-remain 

spectively stand for the remaining lengths from the yel- 
low, magenta, and cyan dye framesto be printed to the 
next dye frames(i.e. magenta, cyan, and protection dye 
frame). And L stands for the length of the black bar- 

B-Bar 3 

region 142. 

[0040] |_ j S given, which stands for the length the yellow dye 

Y- Print 

frame 132 after being printed by the heat printhead 126. 
Because the heat printhead 126 is on the position 161 
shown in Fig. 8 after running out of the yellow dye frame 
132, the start position of the following magenta dye frame 
134 is on the position 160 shown in the Fig. 8. And L 

Y-remain 

is the length from the position 160 to 161, which stands 
for the length from the heat printhead 126 to the subse- 
quent magenta dye frame 134. 



t 0041 ] 4-™*™ = V™™ X m V - T Y^^ (Equation3) 
L 2rite = Rz-iBr-i x 03 x Ts-SBr-i (Equation 4) 



T and T respectively stand for the time it 

Y-remain-i B-Bar-i 

takes for L and L to pass through the photo 

Y-remain B-Bar 

sensor 124. Because of constant angular velocity, 



equation 5 is made by combining equations 3 and 4. 
[0042] Because the ribbon is very thin, R is assumed to be 

B-Bar-i 

equal to R . As a result, equation 5 is able to be 

Y-remain 

simplified as 

^y-remaiK-i = ^Y-restBix X ^B-Bar-i ^ ^B-Bar ■ ( Equat i Oil 6 ) 



As mentioned before, the controller 130 has measured the 
timeT in which the i black bar region passes 

B-Bar-i th 3 ^ 

through the photo sensor, and L and L are 

Y-remain B-Bar 

known. As a result, the time T , which means the 

Y-remain-i 

time it takes for the ribbon 120 moving with constant an- 
gular velocity to register the start position of the magenta 
dye frame, isobtained. 
[0043] Similarly, the L is given, which stands for the length 

7 M-Print 3 a 

the magenta dye frame 134 after being printed by the 



heat printhead 126. And L which stands for the 

M-remain 

length from the heat printhead 126 to the subsequent 
cyan dye frame 136 is calculated by using following equa- 
tions: 



T 

M-remeixr-i 



(L^£a? X -remain) 



Because the ribbon is very thin, R is assumed to be 

7 B-Bar-i 

equal to R . As a result, 

M-remain 



T =7 X T f T 



As mentioned before, the controller 130 has measured the 
time T in which the i black bar region passes 

B-Bar-i th or* 

through the photo sensor, and L and L are 

M-remain B-Bar 

known. As a result, the time T , which means the 

M-remain-i 

time it takes for the ribbon 120 moving with constant an- 
gular velocity to register the start position of the cyan dye 
frame 136,isobtained. 
[0044] Similarly, the L is given, which stands for the length 

C-Print 

of the cyan dye frame 136 after being printed by the heat 
printhead 126. And L which stands for the length 

C- re main 

from the heat printhead 126 to the subsequent over- 
coating dye frame 138 is calculated in the same way as 



previous mathematical calculations with equations 3-6. As 
a result, 

T = I vT IT 



is concluded. In this way, the time T , which 

C-remain-i 

means the time it takes for the ribbon 120 moving with 
constant angular velocity to register the start position of 
the over-coating dye frame 138,isobtained, based on L 
,L , and the time T in which the i black 

C-remain B-Bar B-Bar-i th 

bar region passes through the photo sensor. 
[0045] Each time T , in which the i black bar region passes 

B-Bar-i th 3 ^ 

through the photo sensor 124, can be obtained in ad- 
vance. If lengths of L , L , L are given, the 

3 Y-Print M-Print C-Print 

times T , T , T , T can also be 

B-Bar-i Y-remain-i M-remain-i C-remain-i 



obtained. Such pre-obtained values can be stored in a 
memory of the printer 100. In this way, if the controller 
130 detects the changed status time Td of the sensing 
signal and compares the time Td with the stored time T 
, the amount of ribbon used and start position of 

B-Bar-i 

each dye frame are easily obtained. Certainly, the con- 
troller 130 of the printer 100 can be designed to obtain 
such values as T , T , T , T , 

B-Bar-i Y-remain-i M-remain-i C-remain-i 

through above comparison and mathematical calculations. 
[0046] The above illustrative embodiment uses the green light 
emitting diode to be the light source as illustration. In 
fact, the present invention is beyond this limit. Other light 
sources with various colors for irradiating the ribbon are 
also used. For example, the red light emitting diode is 
able to be the light source. When the red light source irra- 
diates the yellow, the magenta, the over-coating dye 
frames and the transparent separation region, their sens- 
ing signal is under the second status. When the red light 
source irradiates the cyan dye frame and the black bar re- 
gion, the sensing signal is under the first status. In fact, 
the light source can be any light emitting diodes with var- 
ious colors. Because when any light source emits lights 
against yellow, the over-coating dye frames and the 



transparent separation region, the sensing signal is under 
the second status. When any light source irradiates the 
black bar region, the sensing signal is under the first sta- 
tus. When the any light source irradiates the magenta and 
the cyan dye frames, the sensing signal is under the first 
or the second status. In addition, according to the illus- 
trative embodiment, the photo sensor and the light source 
are set on different sides of the ribbon. In practice, the 
photo sensor and the light source are able to be set on 
the same side of the ribbon as long as a reflection device 
is set at the opposite side for reflecting the beam emitted 
by the light source to generate corresponding sensing 
signals. 

[0047] please refer to Fig. 9, which is a flowchart of registering 
the ribbon and detecting the used amount of ribbon ac- 
cording to the present invention. 

[0048] steplOO: Start; 

[0049] Stepl02: While the sensing signal is changed from high 

voltage level to low voltage level, detect the holding time 

Td for which the low voltage level holds; 
[0050] Stepl04: Determine whether the time Td is smaller than a 

predetermined time Tth, if it is, go to Step 106; if not, go 

to Step 102; 



[0051] Stepl06:Register the yellow dye frame and thus use the 
yellow dye frame for printing. At the same time, deter- 
mine which dye region is used based on the time Td; 

[0052] stepl08:Register the magenta dye frame and thus use the 
magenta dye frame for printing, based on a required time 
for moving to the subsequent magenta dye frame, which 
is calculated based on the time Td, a length from the non- 
printed part of the yellow frame to be just printed to the 
subsequent magenta dye frame, and a length of the black 
bar region; 

[0053] stepllO: Register the cyan dye frame and thus use the 

cyan dye frame for printing, based on a required time for 
moving to the subsequent cyan dye frame, which is calcu- 
lated based on the time Td, a length from the non-printed 
part of the magenta frame to be just printed to the subse- 
quent cyan dye frame, and a length of the black bar re- 
gion; 

[0054] stepll2: Register the over-coating dye frame and thus 
use the over-coating dye frame for printing, based on a 
required time for moving to the subsequent over-coating 
dye frame, which is calculated based on the time Td, a 
length from the non-printed part of the cyan frame to be 
just printed to the subsequent over-coating dye frame, 



and a length of the black bar region;and 
[0055] Stepll4:End. 

[0056] Compared to the prior art, the present invention printer is 
able to measure the time in which the black bar region 
passes through the photo sensor and then, identify the 
amount of the ribbon used by taking advantage of the op- 
eration with constant angular velocity. Therefore, the user 
is able to know if there are enough dye regions in the dye 
region of the ribbon. Besides, the present invention is also 
able to identify the start position of each dye frame by 
taking advantage of the time for the black bar region to 
pass through the photo sensor. Consequently, the present 
invention is not only able to measure the amount of the 
ribbon used, but also identify the start position of each 
dye frame to meet the needs of registration without any 
extra hardware cost. 

[0057] Those skilled in the art will readily observe that numerous 
modifications and alterations of the method may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



